The fragmentation pathways of six triterpenoid saponins from Glycyrrhiza radix were investigated using LC-MS/MS. Depending on the structure and the substitution pattern, different molecular adduct ions, [M+NH 4 ] + or [M+H] + , were observed in the positive ESI spectra. In the positive MS n spectra from the molecular adduct ions, characteristic product ions corresponding to the loss of dehydrated glucuronic acid or glucuronic acid were detected and they indicated the type of substitution and structural modification. Fragment ions originating from the sapogenin moiety in the positive mass spectra were predominantly provided by saponins having an 11-oxo-12-ene structure. On the other hand, the saponins gave fragment ions corresponding to the sugar moiety in the negative mass spectra. These results indicate the specific property of saponins that have the 11-oxo-12-ene structure to localize positive or negative charge in the mass spectrometric ionization and fragmentation process. Information obtained from the present study can be utilized for structural elucidation of triterpenoid saponins in the Glycyrrhiza radix by LC-MS.
Glycyrrhiza Radix (licorice), which is derived from the roots and stolons of Glycyrrhiza species, has been used as a crude drug for over 2000 years in many Asian and European countries [1a] . Glycyrrhiza Radix exhibits a variety of pharmacological properties, including antiulcer, anticancer, antioxidative, antiviral, hepatoprotective, antiinflammatory, expectorant and endocrinological activities [1b] . These can be attributed to the chemical constituents, such as the triterpenoid saponins, flavonoids and chalcones [1c] . Triterpenoid saponins are the major chemical constituent of licorice (4-20%), and more than 100 saponins have been identified from Glycyrrhiza sp., so far [2] .
Recently, LC-MS has been used for the qualitative and quantitative analysis of the chemical constituents of Glycyrrhiza Radix, as well as for the characterization of licorice constituents in prepared Chinese medicines [3a,3b] . However, these studies focused on the LC-MS analysis of flavonoids and glycyrrhizin, the latter a major saponin of licorice, and relatively little has been reported on the systematic interpretation of the MS n fragmentation of triterpenoid saponins in licorice other than the molecular ions of the new compounds. Mass spectrometry is the most sensitive method for simultaneous detection of hundreds of compounds in a single extract and has been recognized as an important tool for the quantitative evaluation of crude drugs. However, undoubtedly, mass spectrometry is not a perfect methodology for identifying chemically diverse natural products in plant extracts when authentic standards are not available. Therefore, accumulation of mass spectral information of standard compounds is necessary in order to be able to mine the natural products in extracts and for the practical elucidation of the structure of natural products. In the present study, the fragmentation of six saponins was investigated using multi-stage mass spectrometric analysis to provide information that could be utilized in the structural elucidation of triterpenoid saponins in licorice.
The structures of the six saponins are shown in Figure 1 . Most saponins in licorice exist as glucuronides. The sapogenins are oleanane type triterpenes with 11-oxo-12ene (1, 2 and 6), 12-ene (3), 11,13(18)-diene (4) and 11oxo-12-ene with a lactone ring between 30-COOH and 22-OH (5) as functional groups.
In Figure 2 glucuronic acid moiety and di-glucuronic acid moiety, respectively. All the product ions detected in the spectrum are derived from the sapogenin moiety, while ions originating from the sugar moiety are not observed. The results indicate that the positive charge of the [M+H] + ion of 1 was localized at the sapogenin moiety in the process of fragmentation.
In the MS 2 spectrum from the [(dehydrated aglycone)+H] + ion at m/z 453.3350, two significant product ions were detected: at m/z 435.3236, attributed to the loss of H 2 O, and at m/z 407.3304, attributed to the loss of HCOOH. In addition, fragment ions having an odd number of electrons at m/z 436.3336 and 408.3408 can also be observed with relatively high abundance. It is well known that ions having an even number of electrons predominantly provide the fragment ions with an even number of electrons by cleavage of the neutral molecule, except for compounds having the specific structure to stabilize the radical cation (even electron rule) [4] . The results indicate that the dehydrated aglycone of 1 has the characteristic property to stabilize radical cations. The negative ESI-MS spectrum and the MS 2 spectra of 1 are shown in Figure 3 . The [M-H]ion was detected at m/z 821.3941. In the MS 2 spectrum from the [M-H]ion, the product ion at m/z 351.0569 predominates and is attributable to dehydrated di-glucuronic acid. Further fragment ions from the dehydrated di-glucuronic acid ion are annotated, as shown in the MS 3 spectrum ( Figure 3 ). In contrast with the positive charge on the glycyrrhizin molecule, these mass spectra indicate that the negative charge of the [M-H]ion of 1 is mainly retained by the sugar moiety in the process of fragmentation.
The positive ESI-MS, MS 2 and MS 3 spectra of 2 and 6 are shown in Figure 4 . The compounds provide [M+H] + ions at m/z 985.4692 and 839.4069, respectively, and very weak ammonium adduct and [(dehydrated sapogenin)+H] + ions are also observed. The respective [M+H] + ions showed similar fragmentation patterns in the MS 2 spectra and the observed product ions are annotated as shown in Figure 4 . Compared with the fragmentation of 1, 2 provides the ion corresponding to the loss of dehydrated glucose in the first step of fragmentation, and 6 gives relatively intense dehydrated fragments. As with the MS 3 fragmentation of 1, 2 predominantly shows ions resulting from the cleavage of water and formic acid from major product ions corresponding to the dehydrated sapogenin in the MS 3 spectra. On the other hand, 6 gives several product ions attributable to the loss of water, formic acid and formaldehyde in the MS 3 spectrum. In the MS 3 spectra of both compounds, intense fragment ions with odd numbers of electrons are observed and they correlate with ions observed with an even number of electrons produced by the loss of water and either formic acid or formaldehyde. The fragmentation in the negative ESI-MS spectra and the MS 2 spectra of 2, 5 and 6 are similar to those of 1 and the MS 2 spectra from the respective [M-H]ions show the ion due to dehydrated di-glucuronic acid. The positive ESI-MS spectra, and the MS 2 and MS 3 spectra of 3 and 4, licoricesaponin without the oxygen at C-11, are shown in Figure 6. Unlike 1, 2, 5 the 11-oxo-12-ene structure, fragment ions attributable to the sugar moiety are observed in the MS 2 spectra. The presence of fragment ions corresponding to the sapogenin moiety and the sugar moiety indicate that the positive charges of the compounds were retained by both parts of the saponin structure. These findings show that the 11-oxo-12-ene structure plays a specific role in retaining the positive charge in the processes of ionization and fragmentation of saponins derived from licorice.
In the present study, we investigated the fragmentation pathways of triterpenoid saponins in Glycyrrhiza radix using a LC-MS/MS method. Depending on the structure and the substitution pattern, each saponin gave the prominent molecular adduct ion distinctively. The differences in the fragmentation pathways from the molecular adduct ions should indicate the type of structural modifications, which can be utilized for elucidating the structures of triterpenoid saponins in Glycyrrhiza radix by LC-MS. 
Experimental
Analytical sample preparation and reagents: Analytical grade glycyrrhizin (1) was purchased from Wako Chemical Co. Ltd (Osaka, Japan). Licoricesaponins A3 (2), B2 (3), C2 (4), E2 (5) and G2 (6) (Figure 1) were isolated from a drug sample (TMPW No. 24238) purchased from Uchida Wakanyaku Co. Ltd. (Tokyo, Japan). The isolated compounds were identified by comparing their 1 H-and 13 C-NMR spectra with those reported in the literature [5] [6] [7] [8] . Other analytical grade chemicals and HPLC grade chromatographic solvents were also purchased from either Wako Chemical Co. Ltd (Osaka, Japan) or Nacalai Tesque, Inc. (Kyoto, Japan). The samples were dissolved in methanol at a concentration of 0.1 mg/mL. Each solution was filtered through a 0.2 μm Millipore filter unit (Advantec, Japan), and 1 μL of the filtrate was injected into an LC-MS system for analysis.
Analytical instruments: LC-MS analyses were performed with a Shimadzu LC-IT-TOF mass spectrometer equipped with an ESI interface. The ESI parameters were as follows: source voltage +4.5 kV (positive mode) and -3.5 kV (negative mode), capillary temperature 200°C, nebulizer gas 1.5 L/min. The mass spectrometer was operated in both positive and negative ion modes scanning from m/z 100 to 1500. A Waters Atrantis T 3 column (2.1 mm i.d. x 150 mm), maintained at 40°C, was used. The mobile phase was a binary eluent of (A) 5 mM ammonium acetate solution, (B) CH 3 CN under the following gradient conditions: 0-30 min linear gradient from 10% to 100% B, 30-40 min isocratic at 100% B. The flow rate was 0.2 mL/min. In MS/MS analysis, the mass spectrometer was set to survey ions in the range m/z 100-1500 and to subject the most abundant ions in the scan to automatic MS/MS analysis. 
